Introduction
Statistics show that for every 10 thousand cars in the world about 9 people are killed in road incidents, while in Iran the rate of fatality is about 37, which is higher than average fetal accidents in the world. Basically crash refers to a situation in which several parameters, including human factors, operating the vehicle as well as environmental issues are involved. Incidents normally influences significantly on growth domestic product of every country. The issue of accident and casualties have absorbed significant attentions of governmental agencies and they are repeatedly requested to execute appropriate planning to reduce the burden of casualties. Nowadays, traffic safety is one of the primary principles of traffic engineering and transport planning. Road accidents has been one of the major problems that cause human losses, social and economic challenges. The first step to improve road traffic safety is to identify black spots, which preserve high potential of road accidents. Therefore, identifying, analyzing, prioritizing and refining these places play important role in improving transportation safety.
With the development of road safety improvement, different actions are performed to identify two major objectives, namely high-accident locations and the locations that have the greatest potentials to reduce accidents. In Iran, 52% of the incidents are human related, 30% of them are associated with roads and 12% of them are related to vehicles. Therefore, any action on reducing road black spots could improve the quality of the roads. Ćirović and Pamučar (2013) presented a modeling of the Adaptive Neuro Fuzzy Inference System (ANFIS), which supports the process of choosing which level crossings ought to receive an investment of safety equipment in rail way transportation. They used ANFIS model, which was trained using a method of fuzzy multi-criteria decision making and fuzzy clustering techniques. The proposed model was trained with the experiential knowledge of these experts and examined on a selection of rail crossings in the Belgrade area regarding an investment of safety equipment. Chen et al. (2015) presented an improved entropy TOPSIS-RSR method to perform the road safety risk evaluation process from an overall perspective, based on a composite Road Safety Risk Index (RSRI). They reported the feasibility of applying the model as a valuable tool for road safety policymakers to decision-making activities. Bao et al. (2012) proposed an improved hierarchical fuzzy TOPSIS model to integrate the multilayer Safety performance indicators (SPIs) into one overall index by including experts' knowledge. They used the number of road fatalities per million inhabitants as a relevant reference and provided an intelligent decision support system to make an assessment on the road safety performance for a case study of European countries. The proposed study handled experts' linguistic expressions and used the layered hierarchy of the indicators.
The proposed study
This paper applies fuzzy Technique for Order Preference by Similarity to Ideal (TOPSIS) for ordering different black spots in a case study of highway between two cities of Qazvin and Saveh, Iran. The study performs the ranking based on two categories of tangent distance and horizontal curve. TOPSIS method has been extensively used for transportation planning (Mirmohammadi et al., 2013) . TOPSIS method uses different criteria for ranking various alternatives. The criteria must be first ranked using an MCDM techniques such as Analytical hierarchy method.
The AHP method
The nature of multiple criteria decision making (MCDM) is to make a fair decision making and to remove the false or misleading decision making as much as possible. Therefore, a decision process requires to be supplied by an effective and low risk technique. Moreover, each problem can be evaluated independently by dis-integrating the decision problem into a hierarchy, which reduces probable errors. Analytical hierarchy process (AHP), proposed by Saaty (1980) , is an MCDM technique that addresses how to detect the relative importance of a set of activities in an MCDM problem and normally is implemented to overcome the uncertainty. When we use AHP, we consider judgments on tangible and intangible criteria and determine the weights of each criterion (Badri, 2001) . Normally, the most important advantage of AHP is the hierarchy structure of the model (Wu et al., 2012; Khajeh, 2010) . The first step in AHP is to create some levels of hierarchy of interrelated decision criteria and alternatives according to different objectives. The next step is to compare the alternatives and criteria by prioritizing to determine the relative importance of criteria in each level of hierarchy (Amiri, 2010) .
AHP in recent decades has been increasingly implemented to solve various types of MCDM problems. Some people have mentioned AHP as an effective method in varieties of problems including road accidents (Hermans et al., 2008; Najib et al., 2012; Agarwal et al. 2013) . AHP methodology follows the steps below to find relative importance degree of criteria:
Step 1 -Prepare the pair wise comparison matrix A using the ratio scales given in Table 1 . . The largest Eigen-value max  would be suggested by Saaty (1980) as;
Let A be the consistency matrix, then eigenvector X can be expressed as follows,
Therefore, the consistency index (C.I.) and random index (R.I.) represent the consistency ratio (C.R.). The consistency index and consistency rate are as follows,
, and
A number 0.1 is an accepted upper limit of C.R. If the final consistency ration is more than this value, the evaluation process has to be repeated to improve consistency.
Preliminary of fuzzy approach
Fuzzy set theory is a class of objects with grades of membership applied to model vagueness and to cope with uncertainty by a membership function (Kutlu & Ekmekçioğlu, 2012) . It uses linguistic terms to present decision makers preferences. 
In addition, the Table 2 shows the operational equations of the two triangular fuzzy numbers. 
The fuzzy TOPSIS method
TOPSIS as a classical multiple criteria decision making methods was originally proposed by Hwang and Yoon (1981) to analyze alternative solutions among each criterion and eventually to detect the most
efficient alternatives. The TOPSIS algorithm is associated with the shortest distance from the positive ideal solution (PIS) and farthest from negative ideal solution (NIS). However, often for decision makers somehow it is difficult to assign a precise evaluation rating to an alternative. The advantage of fuzzy approach is to overcome the vagueness of human judgments and to receive relative importance of attributes (Yang & Hung, 2007) . The fuzzy TOPSIS procedure is introduced here (Awasthi et al., 2011) ;
Step 1 
Step 2 -Calculate aggregate fuzzy rating for the alternatives and the criteria where the fuzzy rating of all decision maker about criteria are given as triangular fuzzy numbers ( , , ) 
, and the aggregated fuzzy rating is obtained by
When the fuzzy rating and importance weight of the th k decision maker are ( , , ) respectively, the integrated fuzzy ratings ( ) ij x  of alternatives with in terms of each criterion are given by ( , , ) 
The aggregated fuzzy weights ( ) Step 3 
Step 4 -The raw data are normalized using a linear scale transforming to bring the different criterion scales on to a comparable scale. The normalized fuzzy decision matrix is given by The proposed study of this paper has detected 21 different black spots in the high way of Qazvin-Saveh located in Iran. Each alternative is denoted with a letter A and a number, which indicates the distance from the origin. For instance, A15 represents a black spot which is 15 kilometer away from the city of Qazvin. As mentioned, the study has performed the ranking based on two categories of tangent distance and horizontal curve and the results are compared with the frequencies of accidents. Table 5 demonstrates the results in terms of tangent distance. In addition, Table 6 shows the results based on horizontal crave.
Table 5
The summary of the ranking black spots based on tangent distance Frequency of incidents (Ft) FTOPSIS Table 6 The results of the implementation of FTOPSIS for ranking 21 alternatives based on horizontal crave 
Conclusion
In this paper, we have presented an empirical investigation to prioritize black spots in one of Iranian highways. The study has implemented fuzzy TOPSIS to rank different alternatives according to various criteria. The study results of the ranking in two categories of tangent distance and horizontal crane have been compared with frequencies of incidents and the results were somehow in harmony. We hope the results of the survey could help different governmental agencies allocate budget more appropriately.
